Objective: In order to characterize urinary gonadotropin peptide (UGP) as an acute phase reactant, we focused on the UGP levels after surgical operation. Design: Fifty cases of gastrointestinal cancer, 4 cases of cancers of other organs and 13 cases of benign digestive diseases were enrolled into this study. Methods: UGP levels were measured using an enzyme immunoassay before and after surgery. Results: Fifty-four (80.6%) of the 67 cases studied showed transient elevations of UGP. Both urinary interleukin (IL)-6 and LH levels were also increased transiently in 49 cases (73.1%). All of these three factors were increased in 38 cases (56.7%), and in 32 (84.2%) of these 38 cases, the order of peak appearance was as follows: IL-6, LH, and UGP. The UGP levels in the group of total gastrectomy were significantly higher than those in the group of partial gastrectomy.
Introduction
Urinary gonadotropin peptide (UGP), a 10.5 kDa peptide, is a metabolite of human chorionic gonadotropin (hCG) b subunit, and has an epitope which appears only when hCGb is degraded and excreted into the urine (1).
UGP is used as a tumor marker for gynecologic (2-7) and urologic (8) (9) (10) malignancies. We have reported the clinical significance of UGP as a tumor marker for gastrointestinal cancers, showing a positive rate of approximately 60% in pancreatobiliary cancers and a low false-positive rate in benign digestive diseases (11) . UGP is reported to be a tumor marker for lung cancer (12) and other cancers (13) .
During our study on the measurement of UGP in cancers, we noticed that several patients with benign diseases such as gastric leiomyoma showed a transient elevation of UGP after surgery (Y Motoo, unpublished data). Recently, Funakoshi et al. (14) reported that UGP levels transiently increased after the onset of acute pancreatitis. UGP is also reported to be useful for the screening of Down's syndrome (15) .
In the present study, we investigated UGP levels before and after surgery in 67 patients.
Subjects and methods

Patients
Fifty patients with cancers of the digestive organs (stomach 36, colon and rectum 8, liver 3, pancreas 2, esophagus 1), 4 patients with cancers of nondigestive organs (thyroid gland 3 and mammary gland 1) and 13 patients with benign digestive diseases (gallbladder stone 8, gallbladder adenomyomatosis, gallbladder polyp, gastric adenoma, gastric leiomyoma, abdominal wall hernia, one case for each disease) were included in this study. The total number of the cases of digestive diseases was 63 (50 cancers and 13 benign diseases). The diagnosis was confirmed by pathologic examinations after operation in all the cases studied. There were 38 males and 29 females (18 menopausal) , and the ages ranged from 36 to 76 (mean 65.8) years.
Urine collection
First-morning or random urine collection was performed. A 24-h urine collection was not done. Fresh urine (10 ml) was stored at ¹20 ЊC until assay without any preservatives. There was no pretreatment such as pH adjustment.
UGP assay
A sandwich enzyme immunoassay kit (ELNAS UGP; TFB Inc., Tokyo, Japan) was used. This ELISA kit utilizes the monoclonal antibody B210 which reacts only with the core fragment of urinary hCGb (16) . Crossreactivity of UGP to the following hormones was less than 0.25% (Y Shirakawa, personal communication): luteinizing hormone (LH), LHb, hCG and hCGb. The minimum detectable concentration of the assay was 0.1 fmol/ml. Using a tentative cut-off of 5 fmol/mg creatinine (Cr), UGP was positive in 8.8% of healthy women (premenopausal 5.2%, postmenopausal 11.6%). UGP was positive in 7.2% of women with benign diseases, whereas it was positive in 52% of ovarian cancer patients (2) . The interassay variation was approximately 10% (2). Urinary Cr levels were determined to normalize UGP values to account for urine concentration variability. Urinary Cr was determined by the alkaline picrate method, and UGP values were expressed as fmol/mg Cr (17) . Cut-off values were defined as the mean Ϯ 2 S.D. in healthy controls (1.7 fmol/mg Cr in males and 2.5 fmol/ mg Cr in females) at first. However, according to previous reports (8, 18) on a large number of healthy volunteers and various diseases, suitable cut-off values were considered to be 2.2 fmol/mg Cr for males and 3.8 fmol/mg Cr for females (11) . Standard UGP was included in the kit. This standard was a purified hCGb subunit from the National Institutes of Health.
Urinary interleukin (IL)-6 and LH assay
Urinary IL-6 was determined with an enzyme immunoassay kit (Toray Industry, Inc., Tokyo, Japan), and urinary LH was measured with an immunoradiometric assay kit (SPAC-S LH kit; Daiichi Radioisotope Labs, Ltd, Tokyo, Japan). The cut-off value for IL-6 was 4 pg/mg Cr. The cut-off value for LH was 17 mIU/mg Cr for males and 30 mIU/mg Cr for females.
Statistical analysis
Student's t-test with Welch's correction was used for the comparison of the mean values of two groups. Differences between groups were considered significant if the P value was less than 0.05.
Results
The changes in UGP, urinary LH (u-LH) and urinary IL-6 (u-IL-6) were classified as follows. (A) Preoperatively low with a postoperative transient elevation; (B) preoperatively low and continuously high postoperatively; (C) preoperatively high and further transient elevation postoperatively; (D) preoperatively high and decreased postoperatively; (E) preoperatively high and further elevation postoperatively; (X) miscellaneous. Table 1 shows the results of the above classification. Pattern A was seen in 74.6% in UGP, 73.1% in u-LH, and 67.2% in u-IL-6. C-reactive protein (CRP) was transiently elevated in 86.9% of the cases studied (data not shown). The percentage of males and females exhibiting pattern A was 76.3% and 72.4% in UGP, 81.6% and 62.1% in u-LH, and 71.1% and 62.1% in u-IL-6. All three factors tended to be increased in males, and a significant difference was recognized in u-LH (P < 0.02). There was no significant difference in the percentage with pattern A in UGP between males and females.
As shown in Table 2 , the preoperative levels of UGP were elevated in 5 cases and below the cut-off values in 62 cases. Fifty (80.6%) of these 62 cases showed transient elevations of UGP after operation. Four (80%) of the 5 preoperatively high cases also showed a transient increase in UGP values during postoperative 556 Y Motoo and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (1999) 140 Table 1 The patterns of changes of UGP, u-LH and u-IL-6 before and after operation. Male  29  3  1  0  0  5  38  Female  21  1  3  0  0  4  29   u-LH  Male  31  1  0  1  0  5  38  Female  18  3  0  1  1  6  29  Premenopausal  7  1  0  0  0  3  11  Postmenopausal  11  2  0  1  1  3  18   u-IL-6  Male  27  2  3  1  0  5  38  Female  18  3  1  2 follow-up. Therefore, 54 (80.6%) of the 67 cases studied showed transient elevations of UGP. Table 2 shows the preoperative and postoperative peak values of UGP. The postoperative peak values were significantly higher than those before operation especially in malignant diseases. Urinary LH levels were increased preoperatively in 7 cases (3 males and 4 postmenopausal women) and below the cut-off value in 60 cases. A transient elevation of u-LH was seen in 49 (73.1%, 31 males, 7 premenopausal and 11 postmenopausal women) of the 67 cases.
Urinary IL-6 was increased in 12 cases and below the cut-off value in 55 cases preoperatively. Forty-five (67.2%) of the 67 cases showed a transient elevation of u-IL-6 levels postoperatively. In addition, CRP was transiently elevated in 56 (83.6%) of the 67 cases studied.
Of the 67 patients, all of these three factors were increased in 38 cases (56.7%), and 32 (84.2%) of these 38 cases showed a peak of the three factors in the order of u-IL-6, u-LH and UGP (or at the same time). There was no significant correlation among the peaks of the three factors, or between the peak of each factor and that of CRP. As for CRP, the peak appeared at almost the same time as that of u-IL-6, prior to the appearance of UGP. As far as we could tell, there was no influence of renal dysfunction. There could be some non-specific effects of surgery or drugs on the UGP assay, but no specific drugs were used on the patients who showed UGP elevation after operation. We measured UGP and serum hCG in 18 patients before operation, but serum hCG was measured in only 5 patients after operation. There was no transient elevation of serum hCG in patients who showed a transient elevation of UGP.
Case presentation
Case 1 (Fig. 1) . A 55-year-old postmenopausal female who underwent total gastrectomy due to schirrhous carcinoma. After operation, high fever was prolonged for 3 weeks, and paralytic ileus developed. During the postoperative period, u-IL-6, u-LH and UGP levels rose to the same peak on day 14, decreased once, re-elevated, and were prolonged for 3 weeks.
Case 2 (Fig. 2) . these three factors remained elevated, and there were several complications such as bacterial infection.
Case 3 (Fig. 3) . A 42-year-old premenopausal female who underwent distal partial gastrectomy due to early gastric cancer. Preoperative levels of u-IL-6, u-LH and UGP were low, but postoperative levels of u-IL-6 and u-LH peaked on day 3, and UGP levels peaked on day 7. All levels normalized on day 14, and she was discharged without any postoperative complications.
The relationship between the peak levels of UGP and the grade of surgical stress is shown in Fig. 4 . The UGP peaks tended to elevate as the surgical stress was increased from laparoscopic surgery to total gastrectomy. The UGP peak in the total gastrectomy group was significantly higher than that in the partial gastrectomy group (P < 0.05). Although the u-LH peak in the subtotal gastrectomy group was significantly higher than that in the partial gastrectomy group (P < 0.05), there was no significant difference in u-IL-6 levels among these groups.
Discussion
It is known that levels of acute phase reactants such as CRP and various cytokines are elevated after surgical stress (19) . In this study, we have shown for the first time that UGP is elevated transiently after surgery. Recently, Funakoshi et al. (14) reported a transient elevation of UGP in patients with acute pancreatitis. Iles (15) reported the elevation of UGP in Down's syndrome. Other than these reports, there has been no publication on a UGP elevation unrelated to cancer.
UGP is derived from the ectopically produced hCGb in non-chorionic tumor cells (20) , and is used as a tumor marker (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . However, there have been some reports suggesting that the UGP elevation is derived from stromal cells such as fibroblasts in regenerating tissues. For instance, a transient elevation of UGP in acute pancreatitis as mentioned above (14) , the presence of detectable UGP in healthy males and male patients with benign diseases (18) , and a transient elevation of UGP after operation for benign digestive diseases (Y Motoo, unpublished data).
The detection of UGP in healthy males is considered to be due to the small amount of hCGb secreted in tissues with a rapid cell cycle such as normal gastrointestinal mucosa (20) . The UGP ELISA kit used in this study has a detection limit of 0.1 fmol/ml, approximately 20-fold more sensitive than an hCGb assay (2.3 fmol/ml). Such sensitivity made it possible to detect the baseline levels of UGP in males and serial changes in UGP before and after surgery.
In inflammatory reactions, IL-6 is produced in lymphocytes, macrophages, fibroblasts, and vascular endothels. IL-6 acts on hypothalamus and stimulates the secretion of corticotropin-releasing hormone (CRH). CRH stimulates pituitary adrenocorticotropic hormone (ACTH) and the level of adrenal glucocorticoid (GC) is elevated. In addition, after ACTH secretion, LH, which is suppressed by GC, is secreted as a result of a rebound phenomenon (or supplementary action of anterior pituitary gland) or direct pituitary stimulation by IL-6. Furthermore, as stated above, by a mechanism different from the cytokine-pituitary hormone interaction (21) , hCGb is produced and secreted in the regenerating tissues at inflammatory sites. Yet another possible source of hCGb core fragment as well as human (h) LH core fragment that has been reported in the literature (22) may be the pituitary gland.
As for clinical interest, UGP's most interesting characteristic is that it reflects clinical healing of injury (surgical insult). Proinflammatory cytokines are useful for the early detection of inflammation, but they are sometimes increased non-specifically. The elevation of UGP suggests the presence of not only inflammation but also regenerative process in response to it. The normalization of UGP might mean the completion of the regenerative process after surgical stress. However, tissue sampling of the regenerative area after surgery is almost impossible especially during the acute phase. Therefore there has been no evidence of hCGb production in regenerative tissues.
We measured the levels of u-IL-6 as a representative inflammatory cytokine. The measurement of u-LH was carried out because of the structural similarity between hCG and LH (23) (24) (25) . Concomitant elevation of u-LH and UGP could imply that UGP may be a derivative of hLHb rather than of hCGb. Iles et al. (25) reported that the predominant b core-like material present in the urine of postmenopausal woman may be a derivative of hLHb rather than of hCGb. UGP levels are also influenced by the menstrual cycle (26) . We had to ensure that the changes of the two hormones differed at surgical stress although the two assay systems had no cross-reactivity. If the timing of the peak appearance of these hormones was the same, we considered that at least the peak was not delayed, and studied the order of the peak of each hormone.
As a result, u-IL-6, u-LH and UGP appeared in this order at surgical stress. That is, the reaction began with the production of IL-6 and progressed to the secretion of pituitary gonadotropin (LH) and finally the production of non-pituitary gonadotropin (UGP). Interestingly, the patients with prolonged elevation of UGP showed poor recovery. There was a significant correlation between the UGP peak and surgical stress. From these results, it is suggested that UGP has the characteristics of an acute phase reactant and that the UGP peak can provide valuable information on the postoperative condition of patients.
In this study we confirmed the transient elevation of UGP after surgery in 54 patients. Together with a report on the transient elevation of UGP in acute pancreatitis (14) , our findings suggest that a similar phenomenon occurs in other conditions which have acute inflammatory changes. The transient postoperative elevation of UGP suggests that UGP is an acute phase reactant. The local production of hCGb in regenerative or recovering tissues needs to be confirmed.
In conclusion, we report for the first time that UGP acts as an acute phase reactant. UGP is elevated transiently after surgery without relation to malignancy, gender, organ or tissue. 
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